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Introduction:
Literature pertaining to supercritical fluid extraction (SFE) is summarized in the following report. References often summarize literature reports relevant to trace environmental analytical extractions rather than applications having immediate or direct application to the Hazardous Material Response Unit (HMRU). Nonetheless, this literature defines the scope of compounds that have been the topic of SFE research.
Additionally, the referenced studies often delineate optimal extraction conditions for many of the compounds mentioned. Although the applications for the HMRU may be significantly different from trace environmental studies, it is reasonable to expect SFE conditions defined in the literature will be similar to the those chosen by the HMRU team for extraction of suspect materials.
Report Organization:
The following report is organized according to the seven literature searches that yielded relevant citations. In order of appearance, these sections are 1) chemical warfare agents;
2) explosives; 3) hazardous chemicals; 4) poisons, toxins and mycotoxins; 5) toxic (lethal) chemicals and toxicants; 6) pesticides in soil; and 7) pesticides from plant and animal tissues. These sections are maintained throughout each of the three major report divisions. The last division of the report contains seven appendices that individually address each of the literature searches summarized above. Each appendix contains either the actual literature abstracts or, in the case of Appendix 7 (pesticides from plant and animal tissues), a more detailed summary of the literature references.
The three major report sections (described below) are physically separated by yellow dividers. Table 1 in the first section gives an overview of the literature search topics and number of citations obtained. This list was further divided into those references most likely to be relevant for HMRU objectives. A brief summary of each of the seven topics that yielded relevant references follows. This summary is intended to quickly orient the reader to the more detailed information the follows. The second report section consists of seven tables (Tables 2-8) that summarize the literature surveys defined in Table 1 .
Generally, these tables are organized with the most recent literature references listed first, although there are a few exceptions to this guideline. Chemicals or classes of compounds are made most visible by listing these in the left column to facilitate locating relevant literature citations that pertain to specific hazardous compounds. The final report section contains seven appendices (Appendices 1-7) that compile abstracts from the literature search. These abstracts usually contain detailed information regarding extraction conditions or, at the very least, give information sufficient to locate the original literature work. Abstracts appear in the same order as referenced in Tables 2-8 . Each appendix is separated by a blue divider sheet to facilitate reference location.
Section I -Brief Description of Literature Search Topics
The literature searches that were conducted are summarized in Table 1. Table 1 gives both the total number of literature references obtained during the search as well as the number of literature references that are most likely relevant to the objectives of the HMRU. Seven of the categories searched yielded relevant references. Below is a more detailed description of how the literature search was performed followed by a brief summary of the highlights contained in each of the categories.
A comprehensive literature search on the application of supercritical fluid extraction (SFE) to different hazardous chemicals was performed. The Chemical Abstracts data base was searched from 1965 to the present. Literature references included open literature publications, books, patents, and dissertations (thesis). The total number of references for each of the compounds (or compound class) searched in combination with SFE is presented in Table 1 . In some cases, only general categories were searched in conjunction with SFE, while in other cases specific compounds within a general category were searched. Individual compounds were searched using their Chemical Abstracts Services (CAS) identification numbers, while categories were searched by all descriptors necessary to obtain the category of information. For example, if the general category to be searched was SFE coupled with chemical warfare (CW) agent/simulants, the descriptors searched for SFE included: SFE, supercrit or supercritical and fluid and extract or extn or extraction. The descriptors searched for CW agents included: chemical or chem and warfare or the individual agents of GB, GD, HD, GA, and VX (the addition of the word "agent" or "simulant" was not necessary as both of these would be included the set searched with just CW). The literature references from each of the two categories were coupled to find references that applied to both SFE and CW agents. The total number of references pertaining to both key words are presented in Table 1 . An initial screening of these abstracts narrowed the field to those citations that describe extraction of potentially relevant compounds or compound classes from a solid or liquid matrix.
These abstracts are presented in the "related literature" column of 
I.2 Explosives
Supercritical fluid extraction techniques have been described for a variety of munitions with applications ranging from large-scale industrial processing to analytical extractions.
Most of the munitions research addresses nitroaromatic and nitramine explosives [L7-3].
Due to the relatively high polarity of these compounds, SFE usually involves the use of a polar organic modifiers to enhance extraction efficiency [L7-4,11,17] . Research has been conducted on optimizing soil extraction procedures with provisions for process scale-up for soil remediation. Soil characteristics and extraction conditions have been examined in detail for TNT [L7-20] . Controversy exists in the literature regarding the suitability for SFE for simultaneous extraction of multiple munitions residues from soil . One research group determined that no single set of conditions could effectively extract a broad range of nitro aromatics from soil; thereby concluding that an existing solvent extraction protocol was superior to SFE for broad-range analytical screening [L7-15] .
On the other hand, it seems conditions can be optimized to extract specific nitroaromatic residues. One study found that SFE gave comparable extraction efficiencies as solvent extraction for HMX, an explosive that has a very high degree of polarity [L7-16] .
Nitroaromatic explosives rapidly become transformed in the soil to aniline derivatives.
SFE approaches have not proven effective at extracting aniline components from soil.
However, SFE seems ideally suited for certain unique large-scale applications such as the recycling of off-specification munitions or removal of a specific munitions from bulk amounts of soil for remediation [L7-14,20] . Both these approaches capitalize on the ease of removing the supercritical fluid transfer media after extraction. Recoveries of explosives were 80-95% for reagent water or 52-95% for well and surface water for the analytes tested (2,3-dinitrotoluene, 2,4-dinitrotoluene and trinitrotoluene).
Other research has investigated the use of SFE to extract soils, swabs, and dust at postdetonation sites [L7-22,28] . Extraction with CO 2 generally gave recoveries of >60 % with nonpolar compounds giving higher recoveries than the polar explosives. Lower recoveries were obtained from carbon-containing samples. This approach was used to verify explosive residues on post-detonation swab samples taken from a metal plate located near a test explosion.
Another study investigated multidimensional chromatographic profiling of explosives/propellants to identify source origin [L7-24] . An instrument was designed that could operate on very small samples of soil or spent firearm cartridge casings.
Samples were extracted by SFE and compounds separated by SFC before detection by three on-line detectors (UV, flame ionization, and electron capture detectors). This analytical system was used for detection of explosives in soil with a detection limit for some compounds as low as 100 pg. -3,5,10,11,18,22,24,31,38,40,43,46,51,61,63,73] . Principal advantages include producing less complex extracts (selective extraction) that have comparable or enhanced analyte recovery and precision as compared to solvent extraction. A consequence of the enhanced selectivity is that less sample clean-up (if any) is required prior to analysis.
Additional advantages include replacement of harmful solvents with an environmentally benign extraction fluid, lower consumption of solvent, low expense, faster extractions, the ability to extract thermally labile analytes, and ease of interfacing with multidimensional chromatographic analysis instruments (described further below). 
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